Abstract This study investigates the relationship between firearm prevalence and suicide in a sample of all U.S. states over the years [2000][2001][2002][2003][2004][2005][2006][2007][2008][2009]. We find strong, positive effects of gun prevalence on suicide using OLS estimation, across a variety of measures for gun possession, and with several sets of controls. When using instrumental variable estimation, the effect remains significant, despite also finding significant evidence that gun ownership causes substitution towards gun-suicide rather than other methods of suicide. There is also evidence for nonlinearities in the effects of guns on suicide.
INTRODUCTION
Firearms play a unique role in public discourse. The U.S. Constitution protects the right to bear arms.
For some, this right represents an important safeguard against tyranny. For hunters and sportsmen, firearms enable a vibrant recreation. Firearms also play an important but largely unknown role in selfdefense. Yet in 2010, the latest year for which there are complete figures, there were 19,392 suicides, 11,078 homicides, and 606 accidental deaths by firearm, in addition to 73,505 non-fatal injuries by firearms (Centers for Disease Control and Prevention, 2012) . Unfortunately, even basic information such as how many households own firearms is irregular and partly as a result there is little scientific consensus on how firearms influence violent injuries.
Although the effect of firearms on homicides has been a topic of recurring debate, less attention is often given to suicide, despite there being more deaths attributable to suicide than to homicide. This may be in part because people view suicide as a private decision only affecting friends and family of the deceased, although this impact should not be minimized. But many psychological studies find that suicides are frequently impulsive decisions (e.g. Simon et al., 2002) , and that less than 10% of suicide survivors go on to successfully re-attempt suicide over the long term (Owens et al., 2002) . Few suicides appear to be considered choices.
In this study we specifically explore the relationship between firearm ownership rates and rates of suicide, using a newly constructed dataset covering US states from [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] . We utilize all data from the first state-level representative survey of gun ownership, as well as four other proxies thereof, including one new to the literature. In addition, we will develop instruments for firearm ownership rates.
BACKGROUND
The United States stands out among developed countries for having the most firearms (Geneva Graduate Institute of International Studies, 2007) . The U.S. also has the highest rate of suicide by firearm of any developed country. Indeed, the rate of suicide is on par with the rate of traffic deathsin 2009, there were 11.0 traffic deaths per 100,000, and 12.0 suicides -and the majority of suicides are by firearm. However, the total suicide rate is also lower than in many countries with fewer firearms.
More generally, cross-country studies tend to show no relationship between firearms and suicide (Killias et al., 2001; Krug et al., 1998) .
Within the U.S, ecological and case-study approaches both appear to show a strong positive association between firearms and suicides by firearm (e.g. Azrael et al., 2004; Brent et al., 1994; Kleck and Patterson, 1993) . What is less clear is whether there is an association between firearm ownership and overall suicide. After all, in the absence of a firearm, there are several other methods of suicide, most predominately suffocation and poisoning, and a determined individual could simply substitute the means to achieve the same end. For example, Sloan et al. (1990) compare Vancouver and Seattle and find that Seattle has more firearms and suicides by firearm than Vancouver but it has more overall suicides in only the 15-24 age group which suggests a significant degree of method substitution. On the other hand, policy change studies have shown that decreased access to firearms can decrease suicide overall. In one careful study, Leigh and Neill (2010) find that the mandatory buyback of 20% of the stock of firearms in Australia in 1997 (which halved the number of households holding firearms) led to nearly an 80% reduction in suicides. Similarly, Lubin et al. (2010) show that when drafted soldiers in the Israeli military were prohibited from bringing their guns home with them for the weekend, suicide fell by 40%, owing to a fall in suicides over weekends that was not accompanied by an increase in weekday suicides.
Is there a causal relationship between firearm ownership and suicides? In this paper we will focus on how the total numbers of guns in the hands of citizens affects suicide rates on the margin. There are three potential causal pathways by which increased firearm ownership may increase successful suicide.
First is the weapon instrumentality effect, which posits that if guns are inherently more lethal than other methods then they would make attempts more likely to be successful. In 2001, 85% of suicide attempts by gun were lethal, compared with 69% for the next most lethal method (suffocation/inhalation) (Vyrostek et al., 2004) . Intent, however, is a confounding variable. One would suspect that those more intent on suicide would choose more lethal methods, although the evidence for this proposition is weak (compare Peterson et al. (1985) with Hamdi et al. (1991) ). Second is the method selection (or induction) hypothesis, positing that the actual or perceived "ease" of committing suicide by gun may make it more likely to happen (because it is thought to be either quicker, simpler, or more likely to be successful). Psychologists have shown that suicidal thoughts are often only brief, and many suicide attempts are impulsive (Hawton, 2007; Simon et al., 2002) , so the absence of an effective immediate means may prove a deterrent. Interviews with people who failed at suicide often indicate that methods were chosen according to ease of availability (Peterson et al., 1985; Skopek and Perkins, 1998) . Third, if it is an easier, quicker, and more certain means of self-destruction than others, it may reduce the chances of successful outside intervention. 
FIREARM MEASURES
The variable of interest is the percentage of individuals living in households with at least one firearm 3 . A major shortcoming of much earlier work is that no data was available that directly measured 1 Wintemute et al. (1999) present evidence that at least some people do purchase firearms for the purpose of committing suicide.
2 In 2009 e.g., there were 18,735 firearm suicides and 8,968,180 net new firearms. 3 The literature implicitly assumes that household ownership means enhanced access to a firearm although this assumption requires that there is some barrier to buying or obtaining a firearm in order to commit suicide. There are several reasons to think Firearm suicides Non-firearm suicides gun ownership in a representative way in all states. Most states do not require registration or licensing, so consulting administrative records is not an option (Vernick and Hepburn, 2003) . In this paper we use data from the first and only national survey that is representative at the state level. Although we believe the BRFSS measure is the best survey measure yet to be used, it still remains flawed. We therefore test for robustness using a variety of other proxies. Namely, rates of Google searches for gun-related terms, the proportion of suicides that are committed with a gun, the rate of background checks for gun purchases and the rate of accidental death by firearm. The latter three proxies we combine into a gun composite index using their first principal component.
that although by no means insurmountable, the need to find and purchase a gun may be enough to deter in many cases. First, it takes time and effort to find and go to a firearm dealer, choose a weapon, get a background check, and obtain it (possibly after a mandatory waiting period), and this may give time for reflection and re-evaluation. Second, for many the price of a firearm and ammunition is not trivial, starting at several hundred dollars. Third, a potentially suicidal individual may be paralyzed by oppressive thoughts that preclude seeking to purchase a firearm. Finally, there may be cognitive barriers that cause an individual to think obtaining and properly using one would be harder than it is. For there to be some effect of current possession rates, any marginal barrier will suffice. Ownership is likely also correlated with other measures of ease of access. 4 California and Hawaii each had a missing observation that was estimated using the other observations and national trends.
We use rates of Google searches containing any of the following keywords: gun, rifle, pistol, handgun. (Google, 2012) Available beginning in 2004, these rates represent the relative frequencies of these search terms within the state, compared with other searches that year. Used for the first time here, this "Google Composite Gun Searches" measure proxies for gun possession under the assumption that interest in guns is proportional to household ownership rates, and rates of Google searches for these terms accurately measure interest. 5 This is not implausible, as several studies do find Google Searches to be useful indicators of consumer sentiment (Choi and Varian, 2012; Della Penna and Huang, 2010) , and as we show below, this index correlates well with the BRFSS measure.
Next, we use a commonly cited proxy for gun ownership -the proportion of suicides that are committed with a gun. This is constructed from CDC data, has been shown to have high cross-sectional correlation with survey measures of ownership (Azrael et al., 2004) , and is available for all years [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] . Although this is commonly used, there has been some question about how accurate it is (Duggan, 2001 ; National Academy of Sciences, National Research Council, 2004; Shenassa et al., 2006) , with e.g, the latter finding it not strongly related to self-reported neighborhood level of firearm carrying and availability among juveniles. This measures the state-specific variation in gun searches, averaged over a year. As such many outside drivers of interest in guns, such as national gun-control debates or incidences of widely-covered shootings, would not be included. 6 In practice, one is almost certainly the modal number of guns purchased per adjusted background check. In addition we have been able to confirm that at a national level over the 10 year study period, the Pearson correlation coefficient between NICS checks and net new firearms in the US (domestic firearm production plus net firearm imports) (Bureau of Alcohol, Tobacco, Firearms and Explosives, 2011) is 0.78, significant at the 1% level.
comparability issues have been corrected in our data. Nonetheless, the data remain imperfect.
The rate of accidental death by firearm would perhaps be one of the most defensible proxies, except for the fact that it is fairly rare and as a Poisson random variable with low expected value, it likely suffers truncation error.
In an attempt to overcome weaknesses and combine the strengths of some proxies we have constructed a composite measure of firearm ownership ("Gun Possession Composite") from the first principal component of these three proxies: percent suicides by gun, background check rates, and rates of accidental death by gun. This captures over 74% of the total variation of the component variables, all of which contribute positively, and it correlates strongly (ρ = 0.84) with the BRFSS ownership measure. In Table 1 , we provide a comparison of some salient features of the gun measures used in this paper.
As the chart makes clear, no one measure is ideal. By using a wide variety, we can have enhanced confidence if and when they yield similar results. Over the study period, at a national level, all firearm measures except that of background checks show a slight downward decline 7 . Background checks (consistent with net new firearms) increased over the period, even after accounting for the increase in the number of households, suggesting that proportionally fewer households are holding more firearms each.
All measures show substantial variation across states. Cross-sectionally, the four measures of gun possession we consider are highly correlated, and BRFSS is correlated with all other proxies at ρ > 0.8. Scatter plots are shown in Figure 2 for years in which there is an overlap. Finally, we use Cronbach's alpha to evaluate whether these appear to measure the same construct, finding α = .84, which denotes good internal consistency, giving increased confidence that these measures do in fact represent the latent gun possession variable.
OTHER CONTROLS
We use a number of controls common in the literature. Our baseline controls include the population (US Census Bureau, 2012a), poverty rate (% under the poverty line, all ages) (US Census Bureau, 2012d), annual average unemployment rate (Bureau of Labor Statistics, 2012) , percent urban land area (Demographia, 2012) , percent urban population (US Census Bureau, 2012b) , Gini coefficient of house-hold income inequality, calculated from US Census Bureau (2012a) Additionally, we use demographic controls for groups at high risk for suicide, including the percent of males age 65 and higher, and the percent white. We use time-specific fixed effects to control for any time-varying factors that affect all states. Finally, we control for regional variation using census region fixed effects. If for example the southeast region were culturally more predisposed to gun violence (Nisbett and Cohen, 1996; Rosenfeld et al., 2001) , this should capture that effect.
As a baseline, we believe these controls represent a good set of outside factors affecting suicide, are likely exogenous, and should not omit too much. Further controls are explored later in the paper.
APPROACH AND RESULTS
We attempt to ascertain the association between firearm possession rates and intentionally selfinflicted fatal injuries. As discussed above, this is fraught with difficulty because of the variety of confounding influences and because of difficulties in measuring possession rates. We attempt to improve our knowledge about this association by using a multifaceted approach. First, to evaluate sensitivity of these results to omitted variables and endogeneity biases, we use a variety of controls for potential drivers of suicides, ranging from a very minimal specification to a very complete set of controls. Second, we use a pair of instruments for gun possession, in an attempt to tease out causality. Finally, as mentioned, we explore four measures of gun possession.
The basic model is of the following form:
We wish to evaluate β 1 , the effect of gun possession rates on Suicides (the number of suicides, or some subset thereof) 9 , across U.S. states i and years t, after controlling for a set of time and state-varying controls − → X i t as discussed elsewhere, always including fixed effects for year (T t ) and region (R i ), as well as log population. Standard errors are clustered by state in all regressions. We do not use state fixed effects because of the durability of firearms, and because the rates of firearm possession have little actual year to year variance over the study period.
The section proceeds by reviewing OLS regression results using the BRFSS survey measure of gun possession. Then we review the use of varying sets of controls in this regression, before moving on to consider other measures of gun possession in a similar fashion. Next, we consider the possibility nonlinear effects of gun possession. Finally, we use an instrumental variable approach on the same specifications.
In all cases, we run three sets of regressions: First on the gun suicide rate, then the non-gun suicide rate and finally the overall level of suicides. The overall rate is perhaps the most important rate but this is also the most complicated to interpret and the two earlier regressions will aid in interpretation. If guns are to have an effect at all, we expect this to appear at a minimum in the gun-suicide regressions.
Guns should affect gun suicides most of all, for example, and if guns affect suicides overall, it should be through this rate. We investigate the non-gun suicide rate primarily to assess whether there is substitution. For example, if people choose to use a gun simply because it's convenient, but would have performed the same act even without a gun, we should see a negative coefficient on non-gun suicide rates. We may also see evidence of a third causal variable across the regressions. If, for example, increased social anomie increases gun purchases and all types of suicides we should see a positive correlation between gun possession and non-gun suicide. Careful examination of all three regressions will help in interpretation.
BRFSS
The most direct and possibly the most representative measure of gun possession rates in U.S. states comes from the BRFSS survey conducted in 2001, 2002, and 2004 . We begin by analyzing suicide with this data. To get a quick sense, first see Figure 3 . The left-hand plot shows the simple relationship 9 We refer to regressions on the suicide rate later because of the interpretation of the regression coefficients as a semi-elasticity.
between gun possession and suicide. The right hand side shows the same relationship, after controlling for other differences between states using our baseline controls (discussed above). There is a clear positive association between gun possession and suicide in both versions. NOTE: All scatter plots use a three year average (2001, 2002, 2004) to coincide with the BRFSS sample years. The plots show gun possession rates on the vertical axis and firearm suicide rates on the horizontal. The left-hand plot is a simple relationship. The right-hand plot is conditional upon the baseline controls. (In these charts we are viewing rates for visual clarity; following regression analyses consider log counts while also controlling for log population.)
BASIC OLS APPROACH
More formal results are shown in Table 2 . Following the model above, we use the baseline set of controls for three sets of regressions on suicide. In column (1), the dependent variable is gun suicide, in column (2) it is non-gun suicide and in column (3) all suicides. The BRFSS gun possession variable ('guninhouse') is the independent variable of interest. The OLS estimate (β 1 ) shows that a one percentage point rise in the prevalence of individuals having firearms in their household is associated with an expected mean increase of 1.7% in the number of gun suicides (significant at the 1% level) 10 .
In the results for non-firearm suicides in column (2), we do see some sign of method substitution for suicide -a 1% rise in gun prevalence is associated with a 0.8% decline in non-gun suicides -but the amount of substitution is not enough to mitigate an overall rise. As shown in column (3) a 1% increase 10 It is worth noting that any association represents a lower bound on what the association would be if there were more constraints on acquiring new guns, such as a ban on acquisition, because then the prevailing rates would be more 'binding.' in gun prevalence is associated with an overall 0.5% rise in the number of suicides (significant at the 10% level). 
VARYING SPECIFICATIONS
Next we investigate the robustness of these results to varying the set of controls used. In addition to the 'baseline' specification used above, we will utilize a 'minimal' and 'full' specification. The minimal specification is a subset of baseline, including only demographic controls, percent urban land & population, and unemployment & poverty rates in addition to population and year & regional fixed effects. These controls were selected for being as independent as possible from proposed causal mechanisms for suicide, while still capturing much of the diversity between states. It may suffer from omitted variables bias but is unlikely to have serious endogeneity issues.
The full specification is a superset of the baseline. In addition to the baseline controls, it includes median household income (US Census Bureau, 2012d) , percent of children living in a single mother family, percent of divorced adults (US Census Bureau, 2012a) , and distance in miles to the nearest hospital emergency room 12 , which is meant to proxy for access to mortality-reducing health care (Health Forum and ESRI, 2008 ; US Census Bureau, 2012c) , and a measure of social connectedness 13 , which is often thought of as a factor in preventing suicide (Corporation for National & Community Service, 2012). The full specification has the reverse strengths and weaknesses of the minimal: while it is fairly unlikely to suffer from omitted variables bias, it is more likely to suffer from endogeneity issues.
Results are presented in columns (4) -(9) of Table 2 . Broadly, they are similar to the baseline specification for both the minimal and full specifications. The minimal specification gives effectively the same results as the baseline across gun, non-gun, and overall suicide. The full specification shows a slightly weaker association with gun suicide, with one percentage point increase in gun prevalence 11 To confirm that our results are not being driven by the use of the pooled multi-year sample, Table A .2 shows results from the same models operating instead on 50-state sample which uses mean values over the three year period. Results are substantially the same, with effects of possession on suicide being slightly stronger.
12 This was calculated as the population-weighted state-average distance from each census tract (avg. population 4,322) population centroid to the nearest hospital with emergency room and surgery. 13 Social connectedness is based upon answers to questions in the Civil Life in America Survey. Specifically, we calculate the first principal component of how often people answer "frequently" to the questions of whether they 'talk to' or 'do favors for' neighbors, and percentages answering "yes" to whether they participate in any of the following groups: School group, neighborhood or community association; service or civic association; sports or recreation association; church, synagogue, mosque or religious institution; or, any other type of organization. implying a 1.4% increase in gun suicides, and a slightly stronger substitution effect, the same 1% increase in firearm ownership implying a 1.1% fall in non-gun suicides. As a result, the effect of a one percentage point increase in gun ownership rates on suicide rates is reduced from 0.5% to a no longer statistically significant 0.3%.
DIVORCE AND DISTANCE TO HOSPITAL
Among the most interesting findings on the control variables are that the percent of divorced adults is strongly and statistically significantly correlated with all forms of suicide. A causal story from divorce to depression and suicide is plausible. Divorce also leads suicide in individual-level data (Kposowa, 2000) . Depression, however, could also lead to both divorce and suicide so the causal structure requires further identification.
A second finding of importance is that suicide increases with the distance to the nearest hospital.
It seems unlikely that distance to hospital is correlated with suicide attempts (and less so when one notes that this relationship is after controlling for percent urban, the poverty rate, the unemployment rate and the other control variables). Thus, the most plausible story is that distance to hospital reduces the number of attempts that are successful. This would accord with Nicholl et al.'s (2007) finding that mortality increases with distance to hospital in the case of cardiac arrest. A cost benefit analysis of hospitals should take effects of this kind into account. Table 3 after a summary of the results from the BRFSS regressions we have just discussed.
GOOGLE SEARCH MEASURE OF GUN
Even though the Google Gun Searches measure is completely independent and there is only one overlapping year (2004), the results are broadly similar to BRFSS, having significant, positive associations for both gun and overall suicide. One difference is that the Google measure does not show signs of substitution between firearm and non-firearm suicide. As a result, the point estimate of the association between guns and overall suicides is higher, at 0.7% per one percentage point increase in the index, even though the effect on suicides by gun is lower, at 1.3% (compared with 0.5 and 1.9 percents, respectively).
OTHER MEASURES OVER 2000-2009
Finally, we consider two measures of gun ownership over the complete 10 year period from 2000 to 2009. The first of these is the percentage of suicides committed by firearm. Results can be seen under the '% / Suicides By Gun' row in the summary table (Table 3) . Generally, the results from this are somewhat stronger than, but still in line with the BRFSS results. The overall effect of a one percentage point increase is greater, at 0.9%; despite a stronger substitution effect, the effect on the non-gun suicide rate is -1.2%, the increased effect on gun suicides is even greater, at 3.1%.
The second measure of firearm ownership for the full 10-year period is the Gun Possession Composite. Although this is composed from three sources (accidental gun deaths, NICS background checks for the purchases of firearms, and the percent of suicides by firearm), we have relatively high confidence in its ability to capture variation the single variable of interest, which is actual rates of firearm possession in the US populace.
Results are also very similar to the BRFSS measure, although slightly higher. This can be seen under the 'Gun Poss. Composite' row of the summary tables. A one percentage point rise in the index (equivalent to a one percentage point rise in the rate of firearm ownership) is associated with a slightly higher 0.8% rise in overall suicides. This is largely due to the strong effect on gun suicides at 2.3%
(compared with 1.7% for BRFSS). how the marginal effects of gun possession on suicide vary with level. The existence of these nonlinearities suggest that changes in possession rates on the margin have the weakest effects. This result can explain why many studies show small or negligible effects from gun control in the United States (e.g. Ludwig and Cook, 2000) but others show more substantial effects from very large restrictions on gun ownership such as occurred, for example, in Australia (Leigh and Neill, 2010) . The fact that gun control may only be effective when it results in very large decreases in gun ownership suggests that there may be no way of squaring the trade-off noted in the introduction between gun ownership by law-abiding hunters and other gun enthusiasts and potentially opportunistic suicides. 
INSTRUMENTAL VARIABLES APPROACH
Using regression to control for other variables reveals a causal effect only if we have identified all the relevant causal variables that are correlated with gun ownership. An alternative approach to causation is to use an instrumental variable, a variable that is associated with the level of firearm ownership, but that is not related to the suicide rate, except through the effect of guns. One such instrument might be "interest in hunting." Clearly those having such an interest will be more likely to have a gun. Interest in hunting also seems to be independent of suicides, at least after accounting for the controls we are using, such as percent urban and levels of frequent mental distress. We are not aware of any evidence that interest in hunting is directly related with suicide 15 . If this is correct then the exclusion restriction holds, and the instrument should not be correlated with the error term.
Using "interest in hunting" as an instrument would then allow isolating a causal effect of guns on suicides. We use two measures of interest in hunting. The first relies on revealed preference: circulation rates for a prominent hunting-related magazine. We gathered data on annual average circulation per 1000 inhabitants, disaggregated to the state level, for "Field and Stream", a popular monthly periodical about hunting and fishing (Audit Bureau of Circulations, 2012) . The magazine is the most widely read magazine covering hunting in the United States by a wide margin. Baseline rates were adjusted for secular declines in overall nationwide magazine readership over the period. The second measure of hunting interest is the relative intensity of Google searches for hunting-related topics. This is available beginning in 2004 (Google, 2012) , and we thus use it with the Google gun search measure of firearm possession.
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Results using two stage least squares estimation are shown in the lower section of the Summary Table 3 . The first thing to note is that in all cases, the instrument is highly significant in the first stage (at the 1% significance level or above), so the instrument is indeed relevant (detailed first stage regressions are in Table A.3) .
Examining the results, we see little change from OLS to IV estimates, and in no case can we reject the null of exogeneity, which makes sense given our expectations of little reverse causality for suicide. The point estimates for BRFSS and the gun possession composite are slightly higher for the 2SLS estimation compared with OLS, and Google guns searches are slightly lower 17 . In some cases the levels of statistical significance are lower, reflecting the lower efficiency of 2SLS estimation, but qualitative results are much the same -guns strongly affect the gun suicide rate, and while there are signs of substitution from gun to non-gun suicide, the overall effect remains positive. Taken together, these point estimates infer that 1% rise in the prevalence of guns causes a mean increase of between 0.5 and 1.0 percent in suicides.
We take this as strong confirmatory evidence for our OLS results.
CONCLUSION
In brief, we find strong evidence that increases in gun prevalence cause an increase in firearm suicides. Despite substantial substitution of methods, we also see strong evidence that increased gun prevalence causes an increase in overall suicide. with Georgia or North Carolina at 40.7%) were to reduce ownership levels by 10 percentage points, to reach the levels currently seen in New Hampshire, suicides would be expected to fall by 13.4%. These broad results hold using a wide variety of proxies for firearm ownership, across a range of control variables, and using either OLS or IV estimation.
We emphasize that we present no solution to the ecological problem. The unit of analysis is states rather than individuals which limits the quantity of data and the sources of variation we can draw upon for causal analysis. Improved measures of gun ownership and better household-level longitudinal studies would be useful to better understand the many and serious effects of firearm availability.
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